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▼Fluorescent in situ hybridization (FISH) on decondensed
nuclear DNA or stretched chromatin fibres allows high-
resolution physical mapping of DNA clones. Contigs can
be assembled, individual clones can be ordered and gaps
and overlaps can be determined. The resolution for this
procedure has been estimated to be in the range of 1 kb to
0.4 ∼1 Mb (Ref. 1). Fragments as small as 1 kb were used
in fibre-FISH mapping experiments. Recently, Florijn and
co-workers showed that PCR fragments as small as 200 bp
could be used for mapping of exonic fragments (Ref. 2).
A number of different approaches for the release of chro-
matin from interphase nuclei have been described (Ref. 3,
4, 5, 6, 7). In our experience, the halo-preparations (Ref. 2)
gave good results but preparation of large series of slides is
laborious. The DIRVISH protocol (Ref. 5) provided only a
limited number of analysable fibres, even when the num-
ber of cells was increased up to 20,000 or more. Finally,
lysis of fixed cells (Ref. 6) resulted in an irregular pattern of
chromatin fibres. To overcome these problems, we tested a
number of parameters which led to the development of a
hybrid protocol that combines aspects of various reported
techniques.
Protocol
1. Preparation of silanized slides. Cleaned slides were in-
cubated for 40 s in a 2% solution of 3-aminopropyl-
trimethoxysilan (Merck) in acetone in a coplin jar.
Slides were then washed twice in acetone and once in
double-distilled water. The use of silanized slides pre-
vents loss of DNA during the denaturation step.
2. Preparation of slides with fixed cells. The glass slide
is held vertically with the frosted area upwards. Ten
microlitres of cells fixed in methanol:acetic acid (3:1)
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were pipetted onto the surface of a glass slide held at
an angle of 90◦, just below the frosted area close to
the edge of the slide. The drop of cell suspension is
allowed to run downwards by gravity. Whilst this is
happening, the slide is turned 90◦ into a horizontal
position to allow the suspension to cover a larger area
of the slide.
3. Lysis of fixed cells. Slides are immediately submerged
in 70 ml of lysis buffer (0.5% SDS, 50 mM EDTA, 200
mM Tris, pH 7.4) in a 150 ml coplin jar for 10 min in
an upright position.
4. Postfixation. Seventy millilitres of ethanol (94%) is
added dropwise to the lysis solution in the coplin
jar and slides are kept in this solution for 10 min.
In this way, 16 slides can be treated at one time
in one coplin jar. Slides are gently removed one by
one from this solution and fixed in 70% ethanol
for 30 min at room temperature. Finally, slides
are air-dried and stored at −20◦C (for up to sev-
eral months) in sealed plastic boxes containing sil-
ica gel. FISH is performed according to Speleman et
al. (Ref. 8) with the following modifications: slides
are only pretreated with RNase (100 µg/ml, 1 h,
37◦C) and the concentration of digoxigenin antibod-
ies for immunocytochemical detection were increased
[1:250 monoclonal mouse anti-digoxin (Sigma),
4 µg/ml sheep anti-mouse-digoxigenin (Boehringer
Mannheim), 4 µg/ml sheep anti-digoxigenin-TRITC
(Boehringer Mannheim)]. Prior to hybridization, slides
were embedded in 35 µl diazobicyclooctaan (DABCO)
with 4,6-diamino-2-phenylindole (DAPI) (100 ng/ml)
to evaluate the chromatin fibres.
Using this protocol, a large number of slides with a dense
and parallel stream of chromatin fibres covering most of
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FIGURE 1. Two-colourin situ hybridization of YAC, PAC and cosmid clones. (a) Two partially overlapping cosmids on chromatin fibres, showing a high
number of hybridization signals within one field of view. (b) The same image but with a vertical image shift for the red fluorescence, allowing a better
evaluation of the relative position of both cosmids. (c) Partially overlapping PAC (red) and ICI-YAC clone ( ∼200 kb) (green). (d) Mapping of a cosmid
clone ( ∼35 kb) (red) to a PAC clone (green).
the slide area, can be prepared quickly and reproducibly
(50 slides in 2 h). One of the most important features of
this protocol is the use of ethanol for the second fixation
after lysis of the cells, which results in parallel fibres in-
stead of the irregular network of fibres that is obtained with
methanol:acetic acid fixation. The number of analysable
hybridization signals on one single slide depends upon the
density of the fixed cells that are applied to the slide prior
to the lysis and fixation procedure. When using a layer
of almost overlapping nuclei, hundreds of analysable hy-
bridization signals can be obtained. This high number of
signals together with the regular pattern of chromatin fi-
bres greatly facilitates the analysis of fibre-FISH slides (Fig.
1). In view of the importance of fibre-FISH as a comple-
mentary technique for physical mapping and preparation
of sequence-ready maps, this protocol should further facil-
itate the current efforts to map the human genome.
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Products Used
Anti-digoxigenin antibody: Anti-digoxigenin
antibody from Boehringer Mannheim
Anti-digoxigenin antibody: Anti-digoxigenin
antibody from Boehringer Mannheim
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